
RESEARCH AND DEVELOPMENT PROGRESS REPORT NO. 152 ●
MARCH 1966

Methodsfor the
Determinationof Trace

OrganicMaterialsin Water
By Ihor Lysyi, Peter Newton, and Arnett Counts, Rocketdyne

Division, North American Aviation, Inc., Canoga Park, Cali-

fornia, for O~ce of Saline Water; Frank C. Di Luzio, Directoo

W. Sherman Gillam, Assistant Director, Research; Alex Ketch,

Chief, Biosciences Division

UNITED STATES DEPARTMENT OF THE INTERIOR c Stewart L. Udall, Secretary

Kenneth Holum, Assistant Secretary for Water and Power

Development

——. — . .... ,.—
ForWe by theSuperiritmdmtofI)ocuments.IJ.S.Ooverr,,rl?lltPrilltillg(jtficc

Washington.D.C,,mm!! Price35cents



FOREWORD

This is the one hundred and fif’’cy-secondof’a series of
rbports designed to present accounts of progress in salim water
conversion with the expectation that the exchange of such data will
contribute to the long-rang~ development of economical processes
applicable to large-scale, low-cost demineralization of sea or
other saline water,

Except for minor tiditing,the data herein are as contained
in the reports submitted by Jlocketdyne Division of North American
Aviation under Contract No. 14.-01-0001-332, covering research carried
out through May 31, 1965. The data and conclusions given in “this
report are those of the Contractor and are not necessarily endorsed
by the Department of the Interior.



Created in 1849, the Department of the In’terimr--America’s Depeu%ment
of Natural Recources--is concerned with the management, conservation,
and development of the Nation’s water, wildlife, mineral, forest, and
park and recreational resources. It also has major responsibilities
for Indian and Territorial affairs.

As the Nation’s principal conservation agency, the Department of the
Interior works to assure that nonrenewable resources are developed and
used wisely, that park and recreational resources are conserved for the
future, and tha-1~rentiwable resources make their full contribution to

the progress, prosperity, and security of the United St,ates--now and
in the future.
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ABSTRACT

The purpose of this research effort was to advance
the state–of-the–art in analytical. chemistry as it
relates to the problem of water desalination. More
specifically, studies were conducted to advance
instrumental means for organic trace analysis appli–
cable to the quality control of product water, and
to the chemical characterization of nonpotable water.

, The first phase of the program was concerned with the
development of analytical methodology for the detec–
tion of organic materials (specifically, hydrocarbons,
Freons*, amines, and long–chain alcohols), which come

into contact with water as a result of various desali–
nation processes. Techniques based on gas chromato–
graphic separation and ionization detection were
developed and successfully utilized for the direct
analysis of all four classes of organic compounds at
trace levels in the water matrix.

The second phase of this program dealt with the chem–
ical characterization of naturally occurring organic
compounds in water sources. To accomplish this, an
analytical approach based on separation and preconcen–
tration (by means of vacuum distillation) of the
volatile and nonvolatile organic fractions, coupled
with removal of the water matrix, was used. The vola–
tile organic fraction was then analyzed gas chromato–
graphically, and the nonvolatile fraction was charac–
terized by a combination of other instrumental
techniques.

+%lkadename of U. I. du Pent de Nemours & Co., inc.
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INTRODUCTION

The development of analytical methods for the determination of trace
organic materials in water has been conducted under the au~pices of the
Office of Saline Water, U. S. Department of the Interior, since June 1963.
The research program consisted of two phases.

The objective of the first phase of the study was to develop an analytical
methodology which could he applied to the quality control of product water.
The analytical approach was motivated by practical operational needs of
desalination plants , which are as follows:

1. Procedural and instrumental simplicity, to permit utilization
of developed techniques by nonprofessional personnel

2. Utilization of commercially available instrumentation to reduce
capital requirements of desalination plants

3. Desirability of utilizing a common analytical principle for
the solution of all problems encountered

!~. Adaptability to automation

On the basis of these considerations, a gas chrornatographic approach

combined with the utiliza-tion of highly sensitive ionization detection
devices appeared to be best suited to the requirements of this program
and was extensively studied.

The second phase of this study was concerned with the development of a
means for the chemical characterization of raw (nonpotable) water. The

technical requirements of the second phase of this program were different
from the first, and the analytical approach was influenced by the follow–
ing considerations:

1. Complexity and variety of trace organics naturally found in
water sources

c1i-. Low concentration level of contaminants

Consequently , attempts were made to: (1) provide a satisfactory means
of separation for a complex mixture of organics found in a water matrix,
and (2) provide the necessary means of preconcentration to meet the needs
for ulkrasensitivity of detection.

On the basi~ of these considerations, an analytical approach based on
separation and preconcentration (by means of vacuum distillation) of
volatile and nonvolatile organic fractions, coupled with the removal
of the water matrix was studied.



EXPERIMENTAL PROGRAM

IWASE1: MUTHOT)S FOR TKE DETECTION OF ORGANIC MATERIALS
INTRODUCED INTO POTABLE WATER BY DESALINATION PROCESSES

DEFINITION OF THE PROBLEM

The object of all desalination processes is the preparation of potable
water from nonpotable water sources. Both physical and chemical treatments
of the nonpotable water are employed. Among the physical treatments used
are distillation and membrane transport. Chemical treatments involve
the utilization of selected chemicals for the purification of nonpotablc
water. The important methods based on the use of chemicals for water
purification currently studied are the direct freezing process, hydrate
process, solvent extraction, and electrodialysis.

In the direct freezing process, hydrocarbons are used to reduc~ the
temperature of’the feed water with resulting formation of pure ice
crystals.

In the hydrate process, hydrocarbons and Freons arc used to form gas
hydrate compounds with water which are then separated from the brine and
subsequently decomposed, producing purified water,

The solvent extraction method uses polar organic compounds (such as amines)
to separate the water matrix from its salts.

In all three processes, raw (nonpotable) water come~ in direct contact
with chemical agents which are subsequently removed by a variety of
methods. To guarantee the purity of product water, the :i~()~i,r]t of residual
organics must be closely controlled. A number of analytical methods could
be used for the detection of specified organics in a water solution,
including calorimetric, electrochemical, spectroscopic, and gas chromato–
graphic ~echniqucs. This research effort was devoted *O developing gas
chromatographic methodology for the following reasons:

1.

[>i-.

3.

I*.

5.

6.

!’hetechnique is both a qualitative and quantitative method of
analysis.

It provides both selectivity and sensitivity unmatched by other
methods. The latter is of prime importance when detection of
sub–ppm concentration levels is required.

The technique is instrumentally simple and could be u-tilizedby
nonprofessional personnel with a minimum of training.

Numerous inexpensive instruments are commercially available and
could be utilized in desalination plants of all sizes with a
minimum of capital investment.

The technique can be applied to the analysis of all classes of
organic materials which are of interest to desalination technology.

Direct analysis of the sample is possible.



INSTRUMENTAL HMQU1REMENT S

The following instrumentation was employed during the study.

1. A gas chromatography manufactured by the Wilkens Instrument and
l+zsearch Co. with a flame ionization detector and nonlinear
temperature programmer

2. A hydrogen generator, Model 650, manufactured by the same company

3. Polx?ntiometric recorder, l–millivolt full scale, Model SR-!20,
manufactured by The Sargent Co.

Two different models of gas chromatography were used. One was Aerograph
HyFi Model 600A, and the other was Aerograph Hyl?iModel 600C. The latter
instrument incorporates an electrometer of bet%er quality and demonstrated
a considerably higher order of sensitivity than Model 600A. In the tech–
nical discussion which follows, the model of the gas chromatography used
will be indicated in all cases where quantitative results are reported.
Quantitative data obtained with one instrument cannot be directly related
to quankitativc data obtained with the other, and, in general, calibration
of every instrument used is required.

Because different. gas chromatographic instruments, recorders, and sensi–
tivi-ty settings were used during this study, the quantitative data reported
are uniformly reduced to the maximum sensitivity of the respective instru–
ments as recorded on a l–millivolt full–scale recorder.

A number of other gas chromatographic instruments are commercially avail–
able, and could be used for the purpose of performing analytical tests
described in this report. The recommended requirements for such instru–
mentation are:

1. Good quality electrometer and recorder

2. Suitable hydrogen flame ionization de-tector

3. Heated enclosure for the separating column with the capability
of being temperature programmed either linearly or nonlinearly.

METHOD DEVELOPMENT

The experimental portion of this phase of the program involved the develop–
ment of analytical. techniques based o,ngas chromatographic methodology for
trace analysis of hydrocarbons, Freons, amines, and alcohols in a wa-t,er
matrix. The effort,used to develop the method consisted of two essential
parts: (l) optimizationof agaschromatographic technique forthesepara-
tion of a particular class of compounds, and (2) application of the developec
technique to the direct analysis in a water matrix,
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ANALYSIS OF HYDROCARBONS IN WATER

Two desalination processes, namely, direct freezing and hydrate, utilize
hydrocarbons in direct contact with processed water. The hydrocarbons
used are n–butane and propane, and because they are slightly solulJlein
water (n-hutanc 61.4 ppm, propane 62.4 ppm), they could remain in the
product water. ‘I’hispart of the investigation was directed toward estab-
lishing analytical techniques for the separation anddctcction of these
two hydrocarbons, plus hydrocarbons which are present as impurities in
kechnical–grade butane ond propane.

The first part of the study dealt with the development of efficient tcch–
niques for gas chromatographic separation of a broad boiling range of
hydrocarbons. The second part of this effort was directed toward the
detection and analysis of trace hydrocarbons in water, using a direct gas

chroma-tographic technique, and quantification of procedures.

Separation

A single gas chromatographic substrate capable of separating a broad
range of hydrocarbons (from gases to high-boiling materials) would be
best suited. IIowever, in the initial.stages of this study, such columns
were not available, Therefore, separate investigations were conducted
on the separation of two ranges of hydrocarbons, i-e , Cl to C5 and C5
to C16. The separation of Cl to C5 yh drocarhons has been successfully
demonstrated by a number of investigators (Ref. 1 and 2) using a sepa–
rating column of dimethylsulfolane (2, 4–dimethylthiophene-1, l–dioxide)
as the column substrate with thermoconductivity detection. This approach,
therefore, was a logical choice for the initial study. However, to pro–
vide increased sensitivity of detection for hydrocarbons in a water
matrix, and relative insensitivity to the matrix itself, it was decided
to utilize hydrogen flame ionization detection.

A number of l/8–inch–OD columns containing dimcthylsulfolane substrate,
differing in length and loading of the liquid phase, was investigated.
The best results were obtained by the use of a 36–Ioot column of Chromo-
sorh W coated with 20–percent (w/w) dimcthylsul,folane. As shown in

Fig. 1, the separation of most of the Cl to C4 hydrocarbons (including

cis- and trans-butene+) was achieved. The 0.02–cc gas samples were
injected by means oI!a multiport injection valve in conjunction with a
stream-splitting device. lJsing flame ionization detection, no base line
drift that might be expected from the relatively high vapor pressure of

dimethylsulfolanc was observed.

A detailed description of this proccdurc is presented i~ the annual report
(1964) under the sub,jectcontract (Ref. 3), and specific conditions of the
optimized procedure are presented in Fig. 1.

The analysis of higher hydrocarbons using flame ionization detection is
hampered by a minute bleeding of the stationary liquid phase at higher



m
Inst-ent:

Detector:

Colwnn:

Sample:

Carrier Gas:

Temperature:

Sensitivity:

Recorder Speed:

Conditions Peaks in order of elution

.ierograpb I&fir Model 60QA 1. Hethane

Flame Ionization, ~ flow,20 cc/’min; 2. Ethane

air flow, 250 cc/rein,
3. Propane

36_footlow, 1,/8-inchdimeter
20 percent 2,4-dimethyl-sulfolane on

k. iao-Butane

jo-60 mesh chromosorb. 7. n-Butane

O.Z–CC gas––mixture of natural gas and Phillips 4, ~~ene _ 1 .

66 h~droearbonmix~ureXo. 37,split1:10 + Isobutylene

Argonl inlet pressure30 psig, 7. tmans-Butene - 2

rate of column flow— 25 cc/rein.
8. cis%utene - 2

35”c 9. Butadiene- 1,3
8X107X1

l/’2 in./min

Figure 1. Separation of Cl to C4 Saturated and Unsaturated ~drocarbons



temperatures. Such bleeding is rarely observed using a thermoconductivity

detector, because of the relatively low sensitivity of such a device; how–
ever, when higher sensitivity detection devices are Ilscd (such as hydrogen
flame ionization) bleeding of the substrate at higher temperatures becomes
a major problcm.

The use of coated glass beads circumvents this problem by permitting sep–
aration at temperatures appreciably below the boiling point of the ana–
lyzed compound. For this reason, it was decided to investigate this tech–
nique as a means of separation of the C5 to C16 hydrocarbons.

‘1’hcconventional way to prepare a coated glass bead column has been by dis–
solving the liquid phase in a volatile solvent, mixing it with the glass
beads, and drying it (Ref. 4). Utilizing such a ~echniquc, a number of
difficulties were encountered, particularly nonuniformity in liquid deposit
on ‘thebeads.

Attempts were made to deposit the substrate in a column already packed with
dry glass beads, by first saturating the column with a solutiionof the sub–
stratc , ond removing the solvent by application of a slight vacuum acroes
tho column. This technique was found to be unsatisfactory because the
solvent, while being removed, tends to redissolve the substrate and
redeposit it nonuniformly Throughout the column.

To overcome this difficulty, a technique of dynamic deposition of the sub-
strate was developed. With this technique, a vacuum is applied alternately
to the head and tiiilof the column, providing a flux of substrate in both
directions while removing the solvent. A column prepared in the manner
described provided s~paration of all C5 to C16 alkanes by ca~bOn number

group. Detailed descriptions of this procedtire appear in Ref. 3 i~nd5,
A gas chromatographic separation of C5 to C16 alkanes and optimized oper-
ating conditions are shown in Fig. 2.

ZhdanofS, et al. (Ref. 6) used porous glass (300 flpore size) for the sep-
aration of hexane, heptane, octane, nonane, and decanc under isothermal
conditions. They also separated benzene, toluene, ethy benzene and iso–
propyl.benzene using porous glass of approximately a 50 1 pore size.

McDonnell, et al. (Ref. 7) separated materials such as carbon tetrachlor-
ide and pcntarw using Corning Glass Co. porous glass Code 7930. These two
investigations greatly extended the use of the gas–solid chromatographic
principle, making separation and analysis of higher boiling liquids on a
solid support possible without the use of a liquid phase. The inherent
superiority of gas–solid chromatography when used in conjunction with a
highly sensitive means of dctectiorl is apparenL. IJccauscno stationary
liquid phase is preseni in Lhe column, no column bJ.cedingeffects would
bc detected by Lhe deLecLor.

An t?ViilUa-LiOn of po~ous glass as a gas clll’orn:kLograpllic scpiirating mcditi

was Hlen undertaken. The results of this invesi,igdion have been reported
(Ref. 3 and 8) and are summarized as i’ollows.
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co Instrument:

Detector:

column:

Sample:

Carrier Gas:

Temperature:

Sensitivity:

Recorder Speed:

I I 1

10 m m 4
ELUTION TIME, MINUTES

Conditions

Aerograph F&Fi, Model 60Q4

Flame Ionization, q flow, 20 cc,/min;
air flow, 250cc,fmin.

10–foot long,, 1,/8-inch diameter;

dynamically loaded with iipiezon T on

6040 mesh glass beads

Mixture of C5 to C16 hydrocarbons,

1 &l.

.irgon,inlet pressure 5 psig; rate of
flow, 20 ccilmin.

Programmed from 30”to 225°C at
75 percent power

107X4X1

0.2 in.jlmin.

Peaks in order of ~lution

1.
‘SO-CF12 35*C

2.
‘-c6H1i

35*C

3. ‘-C7H16 40°c

4.
‘-C8H18

65°c

5. ‘-c9H20 90”c

6. n-CloH22 11O”C

7. ‘-C11H24
130”c

8. ‘-c12H26 150”c

9. ‘-c1~28 165*c

10. n-c14H30 180” C

11.
‘-C16H34

215°c

Figure 2. Separation of C= to C16 Saturated ~drocarbons



Porous glass plates were procured from Corning Glass Co., appropriately
ground, and used for the preparation Ofoa gas chromatographic column.
The pore diameter of’this glass was 40 A. A 10–foot–long, l/8-inch–
diameter siainlcss-sieel column packed with untreated porous glass (~0-
80 mesh) was used for separating methane, ethane, propane, iso–lmtane,
n-butane, butene–1, and butene–i?.

For the separation of higher hydrocarbons, experiments were conducted
using multiple 10–foot lengths of l/8–inch–di.ameLer column packed with
porous glass (30-50 mesh). Several columns were combined in series and
tested in lengths of 30, 20, and 10 feet, for ‘theseparation of Cl to C~4
hydrocarbons under programmed temperature conditions. The best results
were obtained with a 10–foot–l,ong column under the Iollowing conditions:

Instrument: Acrograph HyFi Model 600A

Detector: Flame Ionization, hydrogen flow, 25 cc/rein;
air flow, 250 cc/rein

column: l,O–Ioo-t–long,l/8–inch–diameter stainless-
stecl tube packed with Corning Glass Co.
porous glass No. 7930; 30fi50mesh size;
average pore diameter 40 A

Samp1e: 0.2–cc natural gas and 2.5 microliters of a
prepared mixhre of Cr to C1~ hydrocarbons

i ; split 1:5in,jccted si~ultaneous y

Carrier Gas: Argon , inlet pressure !20psig, rate of flow,
30 cc/rein

Temperature : Programmed from P“to 3!.25°C

Sensitivity: 4X107X1

Recorder Speed: 0.2 in./min

Simultaneous j.n,jectionof both gas and liquid samples was necessary to
obtain a representative hydrocarbon mixture in Lhe Cl to C16 range. NO \

1
hydrocarbon of the CI~ group was available but examination of the gas
chromatogram (Fig. 3) showed a void space where it should appeur. The

order of elution and approximate temperatures at which Lhc peaks appeared
are shown in Fig. 3.

By increasing the length of the column and adjus~ing the temperature pro-
gram according to t,herequirements of the specific analysis, even more
complete resolution of the hydrocarbon isomers appears possible.

The experi,medxll results indicated great usefulness of porous glass as a
gas chromatographic separating medium, especially in confjunc~ionwith

flame ionization de~ection and temperature programming.

The developed analytical technique for Lhc separa~ion of a broad range of
hydrocarbons using porous glass offers numerous advantages over the gas-
liquid chroma~ographic separations, and, for those reasons, it was decided



Instrument:

Detector;

Cohmn:

Sample:

Carrier Gas:

Temperature:

Sensitivity:

Recorier Speed:

u

Conditions

Aerograph ~Fi Model 6CKJA

Flame Ionization, 112f~ow, 25 cc~min;
air flow, 250 cc/mm.

10-foot 1ong, l/8-inch-diameter stainleas.-
steel tube ~cked with Corning Co.pn-ouagka
No. 7930; 30=50 mesh size; average pore
diameter 40 A

O.Z–cc natnral gas and Z.5 microliters of
a prepared mixture of C5 to C~6 hydrocarbons
injected stiltaaeonsly; split 1:5

Argon, inlet pressure 20 psig, rate of flow
30 cc/nin

Programed from 5°to 325”C

4X107X1

0.2 in./rein

Peaks in order of elution

1.
‘4’ 5°C

2. c2~, Io”c

3. n-c~q , 35°c

4. n-ckI$o, 70”c

5. is*Cfi2, 100”C

6. L-C6~4, 145*c

7. n-cfi6, 170°c

8.
‘-CS%8 ‘ 195”c

9. “9%20 ‘ 210”c
10.

‘-C10%2 ‘ 23W c
11.

‘-C1l% ‘ 2450c
12. n-C1._)%6,26o”c

13.
“13% ‘ 270”c

14.
-C14%0’ ‘Yc

15.
‘-c16~4’ ‘5° C

Figure 3. Separation of Cl to C16 Saturated @irocarbons



to use this technique as the basis for the analytical procedure f’or the

iletection of trace hydrocarbons in water.

De-Lermina-Li.onor Hydrocarbons in a Water Matrix

Conventional analytical procedures for the determination of organic rnaLc–
rials in water involve the separation and preconcentration of solu-lefrom
solvent. The separation and preconcentration can be accomplished in many
ways, such as adsorption of organic maLter on tictivaLed charcoal (Ref. ~),
extraction with organic solvents (Ref. 10), or gas sLripping (Ref. 11).
The ob,jecLof this investigation was to devise an analytical procedure
which would pcrmiL clirecLdetecLion or organics in waLer, without a scp–
aration and prcconccntratjion step.

To l’aciliLatc such a procedure, gas chromatogrophic separation on a porous
glass substjra-tcwas combined with flame ionization detection of’the elutcd
organic fracLions. Because the hydrogen flame ionization dctecLor plays a
major role in this scheme, its characteristics and mod~ of operation will
hc discussed briefly in the following paragraphs. The response of a f’1.ame
ionization dctecLor to a greaL number of organic materials has been studied
very expensively by a number of investigators (Ref’.12 through 14).

The work of Rouayheh (Ref. 12) indicates that the res onse of a flame ioni–

zation de-Lector, 7which i,sexpressed, as relati,ve area UOIC, i,slinear and
proportions] to the carbon number of u homologous series of organic com-
pounds. Difi?crenL curves were reported for -Lheresponse of alcohols,
organic acids .,esLers , amincs , and nit,riles, hut in all cases, the relative
area pcr mole is propor-Li.onalto the carbon number.

Because this phase of the program dealt wiih homologous series of satu–
rated hydrocarbons, shmdardi.zation of t,heinstrument response Lo parLicu-
l.arhydroca]-bons was unnocessmry, The response 01 the instrument to a mix–
Lure o! hydrocarbons wus assu~cd to he proportional to the weight percent
concentration 01 individual componerlLs, because mole concentration divided
by carbon number in a saturaied hydroctirhon series is approximately propor-
tional to wcighL pcrcenL.

The mechanism 01 operation of Lhc flame ionization dcteoLor involves the
combustion 01 organic matter in a hydrogen-oxygen flame. The combustion
product,s arc caibon dioxide and wtiter. llccaus~water is always present in
the hydrogerl-oxygen flame, it was assumed that the addition of water which
was elut,edfrom the column would not afl’ect the response of the ins-LrumenL.
This was found to he true when the readout sysLem was operated at low sen-
sitivities. However, during the course of t,hisstudy! it was necessary to

use maximum inshuucntal scnsi,-Livity,and then it,would found that water
vapor elutcd Irom a column dots affecL the response of the hydrogen flame
i,onizaLion deLecLor. The mecharlism of such a response is nd clear at this
time , huL mig}~t,be caused by the changes in density and flow characteris-Lies
of the carrier gas a-l,the time interval when the waLer vapor reaches the
detection head.
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The water sample.,when injcch:d into the gas chromaLograph and separated
on the porous glass column, produces a characteristic tailing peak which
appears in the region of elut,ion of Cq-C]4 hydrocarbons. Using standard
soluLions of hydrocarbons in waLer, it was possible to calculate thai the
response of the h drogen flame ionization detector to water vapor is

Y
approximately 10–~ to LO–6 that of organic matter. The water peak is
easily recognizable by iis shape. llydrocarbons in the overlap region
appear as sharp peaks on the water tail. Thercfo~e, they arc measured
l’romthe water tail and not the baseline.

Once the possibility of direct gas chromat,ographic analysis for hydro-
carbons in water was established, an a’Ltemptwas made to qUakltify ‘Lhe
procedure and es-Lablish the lower limiL of detection.

Because of very low solul]ili-Ly,a uumbcr of difficulties was encountered

in preparing standard solutions 01 alkanes in water, and it was decided
to use a solution of benzene in waLer for calibration OX the procedure.
The volubility of benzene in water is quite high (1780 ppm) and it was
possible to prepare (using a diluti,on technique) standard solutions in
water containing 11, 44, 88, 440, and 880 ppb of benzene. This solution
was analyzed under the following set of conditions.

Instrument: Wi.l,kensAerogrnph Hyl?iModel 600C

Detector: Hydrogen flame ionization; hydrogen Ilow,
25 cc/rein;air flow, !270cc/min

coIumn: l–foot–long, 3/16–inch-diameter stainicss-steel
tube, puckcd with Corning Glass Co. porous glass
N().o~930; 80–10 mesh size, average pore diameter,
40 A

column ll~°C isothermal
Temperature:

Carrier Gas: Purified helium, flowrate, 25 cc/rein

Sample : 25 @ aliquots of various benzene concentrations
(11 to 880 ppb) in water

Sensitivity: 1X1+

Recorder: Sargent, O to 1 millivolt Iull scale

Benzene was elutcd in the form of a sharp peak and for this reason cali–
bration could be accomplished using peak height rather than area measure–
ment. The results are reported in Table 1.

The calibration for benzene in water is shown in Fig. 4, and indicates
that determination of hydroc:mbons in a water matrix is possible to
10 parts per billion, using the experimental technique and instrumental
setup described.



Recommended Method for the Analysis of Hydrocarbons in Water

Based on the experimental work described, the following direct gas chro–
mato.graphic procedure is recommended for trace analysis of hydrocarbons
in waker.

TAHLIi 1

CAL1’BHATION OF HYDROGEN FIANllIONIZATION D13TllCTOR
R.EISPONSEWITH SOLUTION OF BENZENE IN WATER

(25 U1 SAMPLE SIZE)

1
Benzene Concentration, Peak IIeight,

PPb millimeters

o 1.0
11 ~.~

44 ~.~

88 11.5
440 56.0
880 104.0

Sensitivity: 14 millimeters per 100–pph benzene

Instrumental Requircmenis. A suitable Temperature–programmed gas chro-
matography with a hydrogen flame ionization detector, electrometer, and
potcntiometric recorder is required as well as a 10–foot–long, l/8–inch-
diameter gas chrornatographic column made of a stainless–steel tube. The
column is packed with 50–~0 mesh size, average pore diameter hO A Corning

Glass Co. porous glass No
in the form (}1~l~~?~”

The glass is available from Corning
Glass Co. , rods, and sieved powder.

Procedure. A gas chromatography fitLed with the previously described col–
umn is operated under the following set of conditions:

Detector: Hydrogen flame ionizaii.on; hydrogen flow, !25cc/rein;
air flow, !250cc/rein

Temperature: Programmed from !20°to 350°C

Sample: Water 25 p]

A sample of water is in,jected into the gas chromatography at room tempera-
ture, and the temperature is programmed to increase at 5°C/min. The peaks
or Cl to approxima-tcly C8 hydrocarbons appear prior to Lhc elution peak
for water. The peaks of Cg to approximately Cl~Lhydrocarbons will appear
as shurp peaks on the water tail. Higher hydrocarbons will appear on the

gas chromatogram as sharp peaks similar to the peak eluted prior to the
water peak.
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Calibration. To permit quantitative analysis of dissolved hydrocarbons

in water, calibration of the procedure is necessary using appropriate
standards of benzene in water.

Calculations. The peak area corresponding
lated. The concentration of the specified
lated according to the following formula:

to l–ppm benzene is calcu-
hydrocarbon is then calcu–

2

ppm hydrocarbon found = area ‘cm ~
of the hydrocarbon pcak

tires (cmti)of l-ppm benzene peak

Sensitivity. The lowest limit or detection experimentally demonstrated
using benzene is 10 ppb.

ANALYSIS OF FRRONS IN WATMR

The fluorocarbons (Freons) have shown a potential as coolants in freez–
ing processes, and also demonstrated the ability to form gas hydrates
with water. Hence, their potential use in practical desalination proc–

esses can be anticipated, and m~thods Ior their qualitative and quanti-
tative analysis at trace levels in a water matrix will be required.
The experimental phase of the study was divided into two parts: sepa-

ration and detection in a wa$er matrix.

Separation

The monophase gel (Kel–F) column (Ref. 15) provides an excellent means
for the separation of the majority of Freons. Unfortunately, the mo~lo–
phase substrato cannot be ueed at temperatures above 60° to 700C because
01 column bleeding. Numerous other gas–liquid chromatographic columns

suffer from the same shortcoming, and, for Lhis reason, developmental

effort,was divided toward further evaluation and application of porous
glass as a separating media.

A representative number of l’reons covering a broad boiling range was
chosen for this study. The following materials were investigated:

1. Freon 13, chlorotrifluorornethanc, C1CF3

~b Freon 22, chlorodifluoromethane, HC1.CF’2

3. Freon 12, dichlorodifluorornethane, C12CF2

4. Genetron–l132A, 1,1–difluoroethylcne, F2COH2

5. Genetron–21, dichlorofluoromethane, C12CFII

6. Freon 11, trichlorofluoromethanc, C13CF

The lowest boiling member of the series is Gcnetron-l132A boiling at
–~30c and the highest boiling member is Freon 11 bOiling a’L~4°C.

15



During the experimental part of this shuiy, two gas chromatography were
used: (1) a custom-bui It instrument with a thermoconductivity dete.tor
was used in the initial experiments to establish the feasibility of Freon
separation on porous glass, and(2) laLera Wilkens Hyl?i gaschromatograph

with flame ionization detection was used to complete the study.

The separation of Freons on a porous glass column was carried out using
both temperature programming and isothermal conditions. The gas chro-
matogram for Freons separated under temperature–programmed conditions
using custom–built instruments is shown in Fig. 5. The instrument oper–
sting conditions and retention times are also reported in the same figure.
It was also established that these Freons could be separated isothermally
at 100oC, with retention times reported in Table 2. In the latter part
of the investigation, l?reonswere separated on a 6-foot-long, l/8–inch-
diametcr porous glass column using a Wilkens HyFi gas chromatography with
flame ionization detection. The gas chromat,ogram of this separation is
shown in Fig. 6 where operating conditions are also reported. Examina-
tion of the figure indicates that sharper peaks arc obtained than in
previous experiments using a thermoconductivity detector. This is prob–
ably caused by the smaller sample sizes used and the smaller diameter of
the separating column.

These initial experiments demonstrated that porous glass is a satisfactory
column material for the gas chromatographic separation of l!reonsboiling
over a wide range.

TABLl !2

RETENTION TIMES FOR FREONS AT 100°C

Freon

Chlorotrifluoromcthane
1,1–Difluorocthylene
Dichlorodifluoromethanc
Chlorodifluoromethane
Trichlorofluoromethane
Dichlorofluoromethane

/
Boiling

Retention Time,

l?oint,°C Minutes Secends
,

-81.4 1 15
–83 1 50
–29.8 2 30
_40-8 1~ 30
23.8

~
30

8.9 11 30

Determination of Freons in a Water Mtitrix

The extreme sensitivity and specificity of an electron capture detector
to the compounds containing electronegative groups make it a highly
attractive choice for the analysis of W-eons. The initial experiments
dealing with the determination of Freons in a water matrix were made
using an electron capture detector in combination with the separation
on a porous glass column. It was immediately established that a water
matrix affects this type of detection adversely and must be removed or
prevented in some way from reaching the detector.

16
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Inskxumenz:

Detector:

column:

Carrier Gas:

remperatcre:

Sensiti~itF:

Recorder:

Sample:

Conditions

CUSTOW.built gas chromazograph
temperatureprogrammed

Gox-Mac Temperature controlled
cell, Yodel lR-111-.iTH
temperature,25”C

lo-footlong, 3/16-inch
diameter packed %,itb 50-50
aeOIIsize Corning Co. porous
glass S0. 7930

Helium. inlet pressure 20 psig
rate of flow $0 cc.:min.

Column programmed from 90”t0
150”c

Weds & Kortbnp. Model G,
1 ❑V full scale, speed,
1/’2in.<{min

Hixtnre of j Preens ICC gas;
and j 21 of Freon 11 liqui~

Pe~ks in order of elution

Boiling
point

Chlorotrifluoromethane -81.4*C

1,1 -Difluoroethylene -83.O*C

Dicblorodifluorometbane .Zg.vc

lllorodifluoronethane -40.0”c

Trichlorofluoromethane +23.8°C

Dicblorofluoromethane +8.9*C

Figure 5. Separation of h-eons
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03 Instrument:

Detector:

columns:

Sample:

Carrier Gas:

Temperature:

Sensitivity:

Recorder:

Conditions Peaks in order of elution

Aerograph HyFi, Model 600 C Chlorotrifluoromethane

Flame Ionization, ~ flow, 20 cci’min; 1, 1-Difluoroethylene

air flow-, 250 cc/’min.
Dichlorodifluoromethane

6-foot long, l/r8–inch diameter
Chlorodifluoromet,hane

packed with Corning porous glass

No. 7930,50-80mesh size.

Wxture of Freons. Samplesize
40 microliters.

Nitrogengas. Inlet.pressure12.5
psig.

500C isothermal

Varied

Varian, 9 m~ fuIl scale response,
speed 2.5 minutes per inch.

Figure 6. Separation of Freon Mixture



A number of techniques for water reruoval,based on chemical and physical

principles, was invesLigated. It was established that while such removal

of waLer is possible, iL is raLher cumbersome and not prac-Licul. Therc–

fore , it was decided to investigate a dit’ferent approach to this problem.

Because of its high polarity and boiling point, water would be retuincd
on a porous glass column for a considerably longer time than Freons. It

could probably be eluted by rapid temperature programming after exit of
Lhe highesL boiling Freon. To test this assumption, the following exper-

iment was conducLed. A water sample (iO ~1) was injected into a cus-tom–

built chromatography at a column temperature of 100oC. The instrument

was maintained at 100°C for 13 minutes, after which time all the I?reons
should have been elutcd. Thereafter, the temperature program was started

at 100–pcrcerltpower, and Lhe column Lempcrature rapidly reached 200°C.

Soon after ihe start of Lhe tcmperaiure prograrfl(1 to 2 minutes), the
waLer began to elute.

Because the retention time for water is longer than for the Freons, an
an,alysis could be performed by use of isothermal or programmed–ternperaturc
chromatography, which would pcrmii elution of I!reonsprior to elution of
the water peak,

It was initially planned to use an electron capture detecbor for this
analysis and make provisions for Lhc diversion of water vapor from the
detector at the predetermined time of elution of the subsequemL peuk.
This approach, while capable of providing the highest possible sensi–
tivity for the detection of Freons, was not pursued because of the
ncccssity of substantial instrumental rnoclification. To be consistent

with Lhe stated goals of this study, use 01 unmodified commercial equip–
mcnt with simple and strnigkbi’orward procedural s-Lepsmust form a basis
Ior the required analytical methodology.

In the course 01 this study, iL was found Lhat I@eons respond to flame
ionization dctect,ion to a satisfactory degree. Therefore, it was
decided Lo rccmmend an analytical method for their detection similar
in instrumentation, operating conditions, and procedural requirements

as Lhc one described for the detection of hydrocarbons in water.

Ilecommended Procedure for the Determination
of Freons in Water

Based on the experimental work described, a direct gas chromatographic
procedure is recommended for the trace analysis of Freons in water.

instrumental Requirements. The instrumental requirements are the same
as for the determinnt,ion of hydrocarbons in water.



Procedure. The procedure is
detection of hydroc:.irbonsin
ated isothermally aL 100°C.
Freons will appearj followed

in essence Lhe same as described for the
water, except thaL the instrumen-L is oper–
After sample injection, the peaks for
by a broad peak for water.

Calibration. During Lhi,sstudy, it was found extremely difficulL to
prepare an accurate standard soiution of Freons in water because of
their low soluhility. For this reason, it is recommended that calibra–
tion be accomplished by injecting known volumes of Freons by means of
a g~w-tight rnicrosyringe. The integrated areas of the peaks are plotted
vs quantities of l?reons expressed in micrograms.

Calculation. The integrated area for the Freon peak obtained from an
unknown water soluLion is related to the calibration curve, and the
quantity (in micrograms) of the Freon present is established. From
this number and the volume of the water sample, the concentration of
Freon in water (as ppb) is calculated.

Sensitivity. The sensitivity of the analytical procedure for the
deLecLion of Freons in water will approach that of hydrocarbons (lOppb).

ANALYSIS OF ALCOI1OLS IN WATER

IIighmolecular weight alcohols have been used as evaporation suppressors.
Cetyl alcohol appears Lo be the leading candidate for this purpose, and
residual volubility of “thematerial in potable water is of importance.
The objective of this study was to develop a technique for the analysis
of cetyl alcohol in
in other Lasks, the
graphic separation,

Separation

a water matrix at “theppb concentration level. As
st,udywas divided ido two parts: gas chromato-
and detection in a water matrix.

In the iniLial sLage of the study, porous glass was used as the scpar–
sting substrate for the analysis of alcohols, but it was soon discovered
that , because of the high polarity of this material, ulcohols aL normal
operating temperatures were totally r~Lained on a column. The modified
porous glass, as described later in this report, was then tried as the
separating material, and although low molecular weight alcuhols were
cluted successfully on such a column, ce-tylalcohol remained irrevcrs–
ibly adsorbed even at very high temperatures (3500C).

The indications were that a considerably more extensive study on the
naiure of adsorption and scparaLion phenomena on porous glass was required
before the -Technology for separation ol’polar compounds on this substrate
could be developed. Therefore, to resolve the immediate problcm, conven–
tiunal gas–ch~bomatographic methodology was used for the separation and
detection of alcohols. A column containing 20–percent Carbowax 20M and
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10–pcrccnt KOH on ChromosortiW (Ref. 16) was prepared and used for the
e.epnration of alcohols under the following set of conditions:

Column:

Carrier Gas:

Sample :

Sensitivity:

Recorder:

!l?emperaturc:

Acrograph HyFi Model 600A

Flame ionization; hydrogen flow, 30 cc/rein;
air flow, 250 cc/rein

3–foot long by l/%inch diameter packed with
20–percent Carbowax 20 M and 10–percent KOH
on 80-100 mesh Chromosorb W

Nitrogen, 10–psig inlet pressure

Mixture of Cl, CA, C4, C6, C8, Clo, C14, C16,
straight chain alcohols; 3 PI sample size

16 X 10

TAN Speeilornax,l–millivolt full-scale response;
speed, l/2 in./min

Temperature programmed from 35°to 230”C

The separation of alcohols accomplished under the above set of conditions
was quite satisfactory as shown in Fig. 7. The reten-bion times and tem-
pcraiurcs of cl,utionare shown in Table 3.

Determination of Cetyl Alcohol in a Water Matrix

Once the gas chromatography conditions for alcohol aepa~ation were cstab-
lishedj an attempt was made to detect cetyl alcohol at trace concentration
levels in a water matrix. To prepare a standard 100–ppm solution of cetyl
alcohol, a solvent of 70-percent water and 30–percent isopropyl alcohol
was required because of the limited volubility of cetyl alcohol in Water.
The mixture was analyzed under conditions essentially as reported above,
except that the starting column temperature was in the llOeto 120°C region.
The column was maintained at this temperature until the mixed solvent waa
completely eluted, and then the temperature program was applied at 100–
percent power. The cetyl alcohol peak appeared at approximately 220°to
230”C. While this peak was easily detectable, extensive baseline noise
prevented the ncccssary increase in the sensitivity for de+cction of lower
concentrations.

The reason for this was the low sensitivity of the gas chrornatograph used
in this study.

‘Therefore, it was decided to investigate and develop a technique of multiple
injection, which would permit parking the cctyl alcohol at the head of the
column at lower temperatures while the sample matrix is removed. After a

sufficient quantity o:fsample is accumulated in the column, elution of
cctyl alcohol by means of a temperature program, and detection by means of
flame ionization would be possible.
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Peaks in order of elution

m
m

Conditions Component

Instrument: Ae rogra ph HyFi NOdel 600.1 C OH
%

Detector: Flame Ionization ,H2 flow, 30 CO/rein; C9H50H

air flo~”, 250 ccj’mln.

column:
‘-C3%*H

~-foot long, l/8-inch diameter packed n_C

~{ith 10-percent KOH and 20-percent 4%0=

Carbowax 20>1 on 80-100 mesh” Chromo- ‘-c6H130H
sorb W acid washed. n-C H .OH

Sample: 3 micr~litersofmixedal.sohols.
s.1/

CarrierGas:Nitrogen,inletpressme10 psig.
n-c@2~o=

n-C12E250H

Temperature: Programmed from 35” to 230” C n-C ,H

Sensiti~-itY: 10 x 16 attenuation.
1-I29°H

n-C -HL.OH

Recorder: Leeds & Northrup Speedomax, 1 mV
lb J3

full scale response. 0.5 in.Jmic.
chart speed,

Time Temperature

0.8’ 35”c

1.0’ 55’C

3.3’ TO*c

5,6’ 75°c
y, 115°C

9’ 140°c

11’ 165”C

lj’ 185°C
~;l 195”c

21! 2004c

Figure 7. Separation of Cl to Cl& Alcohols



TAi31JF,3

SEPARATION Ol?A1,COIIOIS

Alcohol*

c1

C2
c)+

C6

C8
c
1.[)

cl~

C14
c
16

Retention Time,
minutes

1

1.

4

7

9

1A

1,4

16

22

Temperature of
E][~tion,‘cX-*

35

35

75

115

140

165

185

195

200

*straight chain

~Ternperature reported as they appear on a thermometer
in gas chromatographic oven; actual column tem–
pcrature could hc Iowcr

A series of water-isopropyl, alcohol samples containing various concentra-
tions of cetyl alcohol were injected into the gas chromatography at 2-
minute intervals. The instrument was kept at IIOUC with a nitrogen inlet
pressure of 25 psig. After all of the water and isopropamo].were eluted
and the baseline had stabilized, the inlet preflsurewas dropped to 10 psig
and the temperature program was started at 10@percent power. A peak for

cctyl.alcohol appeared at approximately 2308C, as measured by a thermomet~r
i.nthe gas chromatographic oven.

These data reported in Table 4 indicate that sub-ppm concentrations of C16
alcohol in a water matrix can be detected using conventional gas chromato–
graphic column separation. It is believed that a considerable increase
in sensitivity could bc obtained using the improved elcctromctcr of the
Model 600-c chromatography.

The accuracy of the method was rather low because the gas chromatography
(Aerograph llyFi 600A) used inthestndy was of lowscnsitivity and required
large numbers of injections. The results obtained loter with an improved
gas chrornatograph (Model 600C) indicate that further incrcasc in the sen—
sitivity to organic ❑atter can be obtained. Consequently the recommended
procedure could be carried out with considerably fewer injections, which,
in effect, will improve the accuracy.
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TABLN 4

DETECTION OF CETYI,AI,COHO1,IN A WAT13R MATRIX

Concentration of

Cl(jAlcohol, p~Iil

0“5
0.5
I,.(,I
l.O

10.0
10.0
1090

Instrument Response (CI112)
Sample Micrograms of R@sponse9 P@r 1 Microgram of

Size, pl% C1~ Alcohol cm~ C1~ Alcohol

2000
3000
1000”
1500
200
300
400

1.0
1.5
1.0
1.5
p.o

3*O
4.0

136
80
58

260
)@~

252
728

++Multiple injection

NOTE: Responses have been corrected to maximum
tivity; the Wilkens HyFi 600A gas chromatography

sensi–
was used.

Average Response per 1 microgram of
cetyl alcohol 128

Standard Deviation ?64

Recommended Procedure for the Determination
of Cctyl Alcohol in Water

Based on the experimental work described, the following direct gas chromato-
graphic procedure is recommended for the trace analysis of cetyl alcohol. in
wa+cr.

Instrumental Requirements. The basic instrumental requirements arc the
same as described for the determination of hydrocarbons. The recommended
column for this analysis is a 3–foot–long, l/8–inch-diameter, stainless–
steel tube, packed with 20-percent Carbowax 20M and 10–percent 1(OH on
80–100 mesh Chromosorb W.

I%ocedurc. The gas chiornatograph fitted with the column as described above
is operated under the following set of conditions:

Detector: Hydrogen flame ionization; hydrogen flow, 25 cc/mi.n;
air flow, 250 cc/rein

Temperature: Isothermal during the injection period at 11O”C;
<after injection of a suitable number of samples,
programmed to 230°C at maximum temperature rate

Sample: 100 P1 repeatedly injected
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A number of water samples are injected rcpcatcdly into the gas chromato-
graphy operated at llOeC. The exact number of injections depends on the
concentration of cetyl alcohol in the water.

After completion of the injection cycle, the water matrix is allowed to
clute :[romthe column, and when the baseline of the instrumental response
stabilizes, the tenrperature program is applied at the maximum permissible
ra+e. The peak for cctyl alcohol appears at approximately 230°C.

Calibration. A series of standard solutions of cetyl alcohol is prepared
by initially preparing a 100–ppm standard solution of cctyl alcohol in a
water-isopropyl alcohol (3:1) matrix and diluting the standard solution
to the required concentration level.swith distilled water. Standard

solutions of the required concentration levels are analyzed according to
the procedure described above and a
results of the analysis.

Calculations . The concentration of
by comparing the peak area obtained

calibration curve is prepared from

cctyl alcohol in water is determined
with the calibration curve.

Sensitivity. The experimentally demonstrated sensitivity of this pro-
cedure is 0.5–ppm cetyl alcohol in water. With an cl.cctrometer of better
quality, two orders of magnitude increase in sensitivity might bc expected.

ANALYSIS OF AMINNS IN WATER

Desalination processes, based
and kcrhiary amines with five

properties such as high vapor

on ~olvent extraction, utilize secondary
and six carbon atoms. These amines have

pre~sure, low density, and low viscosiiy,
which facilitate extraction separation and solven% recovery. Because
amine~ used in the process come in direct contact with water, methods
for the detection of such materials in potah]c water are required. To
develop such a mcthodj a study has been conducted consisting of two
parts: gas chromatographic separation and detection in a water matrix.

Separation

A number of conventional gas chromatographic columns were tried for the
separation of a mixture of primary C3 to C7 amines. The best results
were obtained on an Apiczon I,substrate pretreated with KOH. The separa–
tion of amines was accomplished under the following set of conditions:

Instrument: Aerograph HyFi Model 600C

.Dctcc+or: Flame ionization; hydrogen flow 25 cc/rein;air
flow 250 cc/rein

Column: 3-foot long by l/8-inch diameter packed with
subs%rate containing 5-percent Apiezon J,and
l.O-percent11011on Chromosorb W 80-100 mesh
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Carrier Gas: Nitrogen, inlet

Sample : 2 ~1 of primary

Temperature: Programmed from

Sensiiiviiy: 10 x 32

pressure .20psig

amines (C , C , C , C
345 (j,c+

l~qot,oIlooc

Recorder: L&N, l–millivolt, full–scale response; speed,
0.5 i.n./min

l%e chromatogram of amines is shown in Fig. 8. The retention times and
clution temperatures are shown in Table 5.

Determination of Amines in a Water Matrix

Solutions containin~ varied concentrations (1 to 1000 ppm) of primary
propyl amine in a water matrix were prepared and an attempt was made to
analyze these solutiong andcr gas chromatographic condi-Lions as previously
stated. Because of the high sensitivi”ky of the instrument used for
work , column bleeding, characteristic of ~as–liquid chromatography,
iousiy obscured tile~’eadout.

TA.TILll5

S.EI’ARATIONOF PRIMARY AMINliS

Temperature
Rotcntion Time, of Hlution,

Amine minutes ‘c

c31{fl[2
0.5 14j

c 11NHq49- 1.0 55

C+II~NIIO 2.0 70L
c61T13mT2 3,() 90

),.0C71117N112 105

this
ser–

NOTE : Conditions of analysis reported in text

Am attempt to elute amines from a porous Class column under normal oper-
ating conditions using inert gases as t}le-carrierwas unsuccessful. It
was considered, however, that if the polarity effects of a porous glass
column could bc negated or reduced, amincs could be eluted :fromsuch a
column.

An attempt was made to reduce the polar effects of the porous glass sub-
strate by the use of a polar carrier vapor, which competes with the amines
for the polar sites on n column. Because of the higl;crpolarity of water,
it was used as a carrier vapor. A standard solution of propylamine was
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prepared and analyzed under iemperaturc–programmed conditions on a porous
glass column using water vapor as the carrier gas. It was found that this
technique does facilitate removal of amines from a porous glass column ah
a fairly high temperature. It was established that to elute propyl amine
from a 5–foot–long porous glass column, a temperature of 290”C must be
maintained.

A number of standard solutions of propyl amine was prepared anclanalyzed
using the direct gas chromatographic procedure. The results reported in
Tabl~ 6 indicate that the average response of the instrumentation system
(HyFi model 600C instrument) to 1 microgram of propyl amine equals 273 cm2,
which would permit detection of such materials in a water matrix at the ppb
concentration level.

TABJ,N6

DETECTION OF PROPYL AMINE IN A WATER MATRIX

Amine Sample Micrograms Instrument Response,

Concentration, Size, of Amine Response, cm2 per Microgram
ppm pl Injected cm2 of Amine

1, 10 0.01 2.7 270
10 5 0.05 11.1 gpo

10 1(I 0.16 32.9 329

NOTE : Wilkens lIyFiModel 600C gas chromatography was
used . Average Response 273 cm2/microgram of amine
corrected for maximum sensitivity

While the developed technique permits detection of amines in water solu–
tions at the required sensi~ivity levels, the efficiency of the separation

is rather poor, and high temperatures are required ~0 elu~e even low boil–

ing members of the amine family. Nevertheless, the described technique

provides the only known gas chromatographic approach to the solution of
this problem.

It is possible by using this technique to determine the total amine con-
tent of the water samples, and the proposed procedure for the analysis of
amines in a water matrix is intended to achieve that end.

Proposed Procedure for the Analysis of Amines
in a Water Matrix

Instrumentation Requirements. A gas Chromatography is fitted with a porous

glass column, flame ionization detector, and a steam generator to produce

the carrier gas.

2’9



Procedure. The gas chrornatograph is operated under the following set of
conditions:

Dotcctor: Flame ionization; hydrogen flow, 25 cc/rein;
air flow, 250 cc/rein

column: 5 leek long, l/}8–inchdiameter, packed with
Corning Glass Co. porous glass No. 7930.,
50–80 mesh size

Carrier Gas: Steam, 12-psig inlet pressure

Temperature; Starting at 290°C isothermal and programmed to
hoOoC if higher boiling nmines arc present in

sample

Sample: Amine in water

Calibration. A series of standard solutions is prepared by the diluLion

technique, and is analyzed according to the procedure descri~]cd ~~bove. A
calibration curve i.sprepared.

Calculations. The concenLraLion of amines in a water sample is estab-
lished by comparing the peak area obtained with the calibration curve.

Sensitivity. The technique is capable ol’detecting sub-ppm concentration
of :lmines in water.

CIJ.AEWCTER17ATIONOF POROUS GLASS AS A
GAS CHROMATOGRA.PHIC SUBSTRATE

The polarity of porous glass precluded efficient use of this substrate
for the separation 01 poltirmaterials. The use of a water stream as a
carrier did rloLresolve all of the problems of polarity.

A study was initiaLed to modify the physical properii,es of porous glass
Lo permit the separation of polar materials. The modification was achieved
by the deposition of a thin layer of polymer on the porous glass grain.
The physical characteristics of untreated and Lreated porous glass were
then determined in order to establish a theorcticul basis for IuLure cxper–
imental approaches to the modification of this substrate.

Untreated Porous Glass

The starii,ngmaterial for the preparnLion ol’the column packing was porous
glass, Code 7930, Corning ~lass Co., Now York. The material was reported
to have a pore size of LO A. The plates uf porous glass were g-roundand
sieved. The 50–80 mesh size material was used in this study. A grain oi’
porous glass was examined rnicroscopi(::klly.” A photograph of a portion of
a grain surfaco aL approximately X1200 magnification (X3.7 photographic
and X320 microscopic) is ~}lowrlin Fig. ~. An examination of’t,hisphoto-
gral)]li,rl(iic:lLes~ numf.)crof fairly uniformly distributed pores, which aiSO

appe[~~’to be of unii’ormpore d ~ayll~:+~+r’.An cxt,cnsiv~ striation of the surlacc
<)()-:



(A)

(B)

Figure 9. Microscopic Photographs of Untreated (A)
and Phenol-Formaldehyde Treated (B)Porous
Glass Grain at X1200 Magnification
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can he observed. The striation which manifests itself in a number of
sharp ridges and cracks on ihc surface of a grain~ was probably produced
by a mechanical. breakdown and abrasion of the fused glass during the

grinding procedure. The surface area, pore volume, and pore size of the
grol~ndmaterial were determined. A number of commonly used gas-~olid

chrornabographic absorbents were also examined using the same procedure.
Results are reported in Table 7. 1’orousglass has a considerably smaller

sarfacc area and a smaller pore volume in comparison with activated char–
coal, silica gel, or alumina. Its pore size is slightly larger than the

pore sfze of activated charcoal and silica gel and smaller than the pore
size of alumina. A Carbon black, Raven 11 ,brand, produced by Columbia
Carbon Co., hns many of the same surface characteristics as porous glass.

TABLE 7

SURFACE CILARACTFIUSTICS OF SELECTED ADSOW3ANTS

Adsorbanis

I’orousglass of 50-80

mesh size

Porous glass coated witl
0.6 percent w/w phenol-
.Cormaldchyde resin,
~0–80 mesh size

l)orousglass coated wit]
3.0 percent w/w phenol-
formaldehyde resin,
~0–80 mesh size

Carbon black, Raven 11,
Columbia Carbon Co.

Activated charcoal,
CO1–JI,Columbia Carbon
co.

Silica gel, Davison
SNR-55–1097–1

Alumina, nngelhard
Industries, MFSS

urfacc Area,
m2/gram

173.2

l)*(j.q

128.1

156.8

1401.5

566.0

251.0

Pore Volume,
mlf~ram

0.109

0.097

0.098

0.095

0.560

0.250

().28()

Average Pore Size,

i

30.6

24.2

16.0

18.0

44.0

l’ol,ymer-CoatedPorous Glass

Substra-Les con-~ainin~ 0.6-percen+ w/w polymer and 3.O–percent w/w polymr
were prepared in ~hc”fol.lowingmanner:- a varnish o.~plle~lol–fomal(lehydc
resin of approxima-~cly fro-percent total solids content was diluted in
rca~enl+}~rade acctonc . For the preparation of 0.6–percent w/w coating
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50 micrograms of the varnish (30 micrograms of the resin) were dissolved
in 10 milliliters of ace~one and combined with approximately 5 grams of
porous glass previously dried at 400°C. For the preparation of 3.0–
percent polymer coating, 0.25 gram of the varnish was used in the same
manner. The acetone was evaporated a-t.room Temperature with constant
mixing. The “dry” material was then packed into a l/8–inch–OD tube and
inser~ed in a gas chromatography. ‘l!hecolumn was then purged with nitro–
gen gas for 30 minutes -Loremove the residual air and the remaining
solvent. The column was slowly heated to l~O°C under a nitrogen flow
and left overnight at that,temperature to complete the resin cure. The
3.O-percent polymer-coated porous glass was examined microscopically,
and prints of’the grain at X1200 magnification indicated a fairly uni-
form and consistent film of polymer across the surface of the particle
(Fig, 9). The surface area, pore size, and pore volume of the polymer–
modified substrates were determined and the data are presented in T:ible7.
As these data reveal, the polymer-modified porous glass surface area is
reduced in comparison to the unireated material; however, the pore volume
and the pore size are changed very little.

Figure 10 shows chromatograms of four Freons on trea~ed and untreated
porous glass materials. As the chromatograrns indicate, the separation
patterns are lairly similar on untreated, ().6-Percentw/w polymer and
3.O–percent w/w polyrner-breated substrate in terms of retention times
und peak symmetry. 13ecause the adsorptive materials tested urc similar
in pore volumes and sizes, but different in surface area, it can be
assumed “thatthe mechanism of gas/solid chrornatographic separation of
nonpolar materials on ground porous glass is caused by pore adsorption.
Figure 11 shows gas chrornntograrnsof methanol on untreated porous glass
an~ 0.6–percent polymer and 3.O–percent polymer-coated substrate. It
is apparen~ that untreated porous glass adsorbs and nearly completely
retains rne~hanol; however, it elutes on polymer–tretited subs-haies. ‘1’he

reason for a shong adsorption of polar materials on groand porous glass,
therefore, mus~ be caused by a phenomenon other than pore adsorption.
The e~fec-tof this pllcnomcnon can be overcome by deposition of’a thin
polymer film on porous glass grains.
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Conditions

Instrument:

Detector:

column:

Aerograph WFi, Mode1 600C

Flame Ionization;~ flow, 20 cc~min;
air flow, 250 cc,/min.

(1) 6-foot long by l/8–inch diameter
packed with Corning Co. porous glass !io.79j0,
coated with 3.0 percent phenolfonnaldehyie
resin, 50-S0 mesh size.
(2) 6-foot long by l/8-inch -diameter, packed
with Corning Co, yorous glass No. 7930,cozt,ed
with 0.6 percent pbenolformaldehyde resin,
50-30 mesh size,

(3) 6-foot low by I/S-inch diameter, packed
~-ithCorning Co. porous glass Io. 793o, 5040
mesh size.

Sample: Methanol, 0.7 micro Iiter.

Carrier Gas: Nitrogen Gas; inlet pressure 35 psig.

Temperainre: 200°c Isothermal.

Sensitivity: 100 X 16

Recorder Speed: I’arian,9 ml’ full scale reapo~se, speed Z.5
minutes per inch.

Figure 11. Gas Chromatography of Methanol



PHASE 2: DETERMINATION OF TBE
FOUND IN NATURAL

DIN?INITION OF THF PROBLEM

CHEMICAL NATURX OF ORGANICS
WATFN SOURCES

The extremely low concentrations of specific organic mmterials present in
natural water sources, combined with the existence of complex biological
species, precludes their direct qualitative and quantitative analysis.
The analysis for total organic matter in water is usually carried out
after a preconcentration step. The standard analytical techniques used
by water chemisbs involve adsorption of the organic matter, usually on
activated charcoal, followed by elution with organic solvents. Such a
procedure suffers from incomplete adsorption and/or resorption of the organic
material, which becomes very acute with the determination of ❑acromolecules.
Frequently, the eluent introduces trace impurities which interfere in the
subsequent analysis, especially if determinations at the parts/bilIion level
are a-~ternpted. For these reasons, it is believed that preconcentration by
adsorption is unsatisfactory when used as part o-i?the procedure dealing
with detection and identification of oxganics in na-turalwater.

The concentration of naturally present organics in water varies, and is
estimated to be in the sub-ppm concentration in potable water, 2 to 10 ppm
in sea water, and considerably higher concentrations in sewage and brackish
water. The analytical technique should be very sensitive and sufficiently
versatile to analyze highly polluted water sources.

An analytical system capable of handling fairly li~rge water samples has
been designed. The principle is based on the removal of the volatile
organics from the water by vacuum stripping. The volatile organics are
then condensed in cold traps and the nonvolakilc organics remain in the
sample flask. The instrumentation system should accep-~water samples
ranging from 2 to 250 milliliters.

~p~~~s

The apparatus is shown in Fig. 12 and the schematic is shown in Fig. 13.
The essential components of the system are:

1. A specially designed sample flask (500 cc volume with three
outlets) which permit vacuum transfer of the sample wi-thout
disconnecting the flask (13+) from the system (Fig. 13)

2. A drying cartridge (1!2)with bypass (11)

3. An empty metal coil (14) with a bypass (15) for the collection
of C and higher organics

2
1~, A two-way valve (10) serving the vacuum evacuation system and

the o~-stream gas chromatography the two–way valve is provided
with two U-tubes, one packed with silica gel for the collection
of methane, the other empty used for the transfer of C2 and higher
organics from the brapping loop prior to the injection in the gas
chromatography

~~hlmbers in parentheses refer to Fig. 13.
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5. A
6. A

7. A

PROCEDURJ3

gas chromatograph with flame ionization detection (4, 5, 6)
vacuum pump

constant–temperature bath

The apparatus is vacuum evacuated, a funnel is connected to one of the
side arms of the sample flask, and !2to 250 milliliters of the water
sample are introduced by slowly cracking the stopcock. The bypasses (11)

and (15) are closed, and liquid nitrogen is placed around the trap (14)
and the loops of the Beckman valve (10). Pumping on the sample begins
and is continued until all of the water is removed. The volatile organ–
ics starting with ethane are retained in the chilled empty trap (14),
while the methane (if present) is retained on the silica gel in the
chilled loop of the Beclauan valve.

The Beckman valve (10) is then rotated, placing the silicagel-filled
loop into a stream of carrier gas. The loop is then rapidly heated to
facilitate removal of the methane from the silica gel. The vaporized
sample then passes through the separating column and is detected and
recorded. During the next step, the condensed organic material in the
downstream trap is transferred to the Beckman sampling valve by chilling
the valve with liquid nitrogen while warming the downstream trap with
pump ing.

The Bec]man valve loop is then rotated into the stream of the carrier
gas and, after warming, the material is analyzed. The analysis is per–

formed using a gas

Instrument:

Detector:

column:

Carrier Gas:

Temperature :

Sensitivity:

Recorder:

chromatography under the following set of conditions:

Aerograph 600C, Wilkens Co.

Hydrogen flame ionization

6-feet long, l/8–inch diameter, packed with
50–80 mesh size Corning Glass Co, porous glass
No. 7930; column is sati~factory for analysis
of nonpolar materials; however, for the detection
of polar components such as alcohols, ketones,
carboxylic acids, more conventional substrates,
such as Carbowax 20M on Chromosorb W, must be used

Helium, 3–psig inlet pressure

Varied

Varied

Leeds & Northrup, 10 millivolt full scale
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RESULTS

Hydrocarbons

The above experimental procedure waflused for the analysis of hydrocarbons
in water. Magnesium perchlorate (anhydrone) was used as the drying agent.
The procedure was tested using an aqueoua solution of natural gaa. The
composition of the natural gas was found to bc, by weight:

Methane, 81..2percent
Ethanc, 11.4 percent
propane, 5,6 percent
Higher hydrocarbons, 1.8 percent

The standard aqueous solutions were prepared in the following manner: A
large funnel was connected ho the evacuated sample flask; 200 cc of dis-
tilled water were introduced into the funnel, leaving approximately 1 cc
of air trapped in the stem of the funnel. A gas-tight IIamilton micro-

syringe was filled with natural gas and the syringe was submerged until
the needle touched the air bubble.

A measured amount of gas was then transferred into the air bubble and was
permitted to diffuse into the water sample. Subsequently, the water sample
(including the air bubble) was sucked into the sample flask.

Three aliquots of natural gas, viz., 2, 5, and 10 microliters, were used,
yielding aqueous mixtures of the following composition:

Standard S+andard Standard
Solution I, Solution II, Solution III,

Gas ppb ppb ppb

Methane 6.4 16.0 32.0

Ethane 0.9 2*2 4.4

Propane ~.5 1,2 2.4

The samples were analyzed according to the procedure described in *he
preceding section. It was unnecessary to remove the total quantity of
water sample used, because prior work (Ref. 17’)indicated that total
removal of low hydrocarbons from the water sample is accomplished in less
than 30 minutes under an efficient vacuum operation. A calibration curve
for methane is shown in Fig. 14. The linearity of this curve is surprising,
but attests +0 the remarkable linearity of the detector. The gas chromato-
gram for standard solution II is shown in Fig. 15.

Natural Water

Satisfactory calibration of the system using aqueous hydrocarbon solutions
was obtained. Data on *he quantitative removal of the hydrocarbon from
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Conditions

Instrumental System and Procedure: Detector: ~drogen Flame Ionization.

As described in text.

Sample: 200-cc distilled water
containing 5 microliters
of natural gas

Figure 15. Gas Chromatogram of Natural Gas in Water Solution



the water and the rates to effect this transfer were reported previously
(Ref. 17). Because the method has now been developed, it remained to test
the procedure on samples of water of unkuown composition.

A number of fresh and sea water samples were collected in the Los Angeles,
California area and were analyzed for volatile hydrocarbon content. -

The results of these analyses are summarized in Table 8.

TABLE 8

VOLATILE HYDROCARBON CONTENT OF WATER SAMPLliS

Hydrocarbon Concentration,
Water Sample Found ppb

Los Angeles Municipal Water Methane 5
(Owens River) Ethane 0.2

Propane 0.3

Rocketdyne Industrial Water Methane 3.4

Spring Water (Los Angeles area) None

Lake Arrowhead Water Methane 3.1

Deep Well Water (Lake Arrowhead area) None

Pacific Ocean Water (surf line) Methane 0.09
Pacific Ocean Water (lagoon at Methane O*9
Coral Beach)

Examination of Table 8 indicates that methane is the most common volatile
hydrocarbon material detected in these natural water supplies. The data
also suggest that methane concentrations are highest in water procured
from supplies of higher biological activity and are absent in potable
spring water and mountain deep-well water which, because of their purity,
are used without chlorination. More experimental data will be required
to draw valid conclusions, but indications are that the methane concen-
tration in water supplies may be related to the biological organic activity:
and might possibly be used as an index of biological purity.

DETIICTION OF ALCOHOLS, KEl?ONIB, CAIU30XYLICACIDS,

AND AMINES IN WATER

The efficiency of the described system must be tested for the analysis
of other classes of organic compounds which might be present in natural
water sources.
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The critical part of the procedure is the removal of the water matrix.
The drying tube must be packed with chemically inert materials, and, at
the same time, should not physically retain higher boiling compounds.

The initial experiments during this line of investigation were conducted
using a methanol/water solution as the test substance and magnesium
perchlorate as drying agent. It was discovered that the high heat of
hydration had an adverse effect on the trace quantities of methanol.
Drying agents such as phosphorus pentoxide and heavy metal oxides were
rejected because of their reactivity towards alkaline or acidic materials.
It appears that a mixed–bed absorption should bc used; such a bcd might
comprise calcium sulfate and calcium chloride.
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CONCLUSIONS

The results of this study demonstrated that the monitoring of product

water using gas chromatographic techniques is feasible and practical.

The specific analytical techniques based on the common gas chromatographic
methodology were developed for four classes of organic materials which

are used in desalination processes: hydrocarbons, Freons, amines, and
alcohols.

The developed techniques.in all cases are capable of direct analysis of
water samples, and have experimentally demonstrated the capability of
detection in the sub-ppm concentration range.

A second phase of this program dealt with developing the methodology for
the analysis of naturally occurring organics in water sources. An ana-
lytical approach based on separation and preconcentration by means of
vacuum distillation of volatile and nonvolatile organic fractions coupled
with removal of the water matrix appears to be feasible; however, fuller
evaluation of this kechnique is indicated.
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